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Twenty-four hour Holter ambulatory electrocardio-
graphic recordings were obtained before and after suc-
cessful coronary angioplasty in 36 patients. Twenty-five
patients had one vessel, 10 had two vessel and 1 had
three vessel coronary artery disease. Holter monitor-
detected myocardial ischemia, defined as ST segment
depression or elevation 2: 1 mm, was present in to pa-
tients (28%). These 10 patients had a total of 39 ischemic
episodes of 3 to 144 minutes ' duration, with a total cu-
mulative duration of 398 minutes. None of the to had
Holter monitor-detected ischemia after successful angio-
It has recently been shown (1- 7) that transient myocardi al
ischem ia can reliabl y be detected by Holter ambulatory
electrocardiographic (ECG) monitoring and occurs fre-
quentl y in patients with stable and unstable angin a pectoris.
The majority of these transient ischemic episodes are not
associated with anginal symptoms (1,2,4-7). Although the
overall prognostic implications of silent myocardial isch-
emia have yet to be defined, several report s (8,9) of patients
with unstable angina suggest that transient myocardial isch-
emia detected by ambulatory ECG monitoring is associated
with a more adverse clinical outcome . In patients with stable
angina, Holter monitor-detected ischemia correlates with the
severity of the coronary disease (3,10) , but it is not known
whether it provides progn ostic data in addition to that de-
fined by coronary ang iography. Whether reduction or elim-
ination of transient ischemia has a favorable effect on prog-
nosis is also unknown.
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plasty (p < 0.01). Treadmill exercise duration increased
by 29% after coronary angioplasty (p < 0.01), and peak
exercise heart rate-systolic blood pressure product in-
creased by 27% (p < 0.01).
Thus, Holter monitor-detected myocardial ischemia
is a relatively uncommon finding in patients with pre-
dominant single vesselcoronary artery disease undergo-
ing coronary angioplasty. When such ischemia is pres-
ent , it is eliminated by successful coronary angioplasty.
(J Am Coil CardioI1987;10:499-S03)
Percutaneous transluminal coronary angioplasty has been
increasingly used to treat patients with single vessel coro-
nary disease, and recent technical improvements have re-
sulted in its application to patients with mult iple vessel
coronary disease. Its long-term effects on myocardial isch-
emia and its effectiveness compared with standard medical
therapy or coronary artery bypass surgery in various patient
subsets have yet to be evaluated . In patients with sympto-
matic coronary artery disease, coronary angioplasty has been
shown ( 11- 14) to relieve angin al symptoms and improv e
exerc ise tolerance . Its effect s on Holter-detected myocardial
ischemia, however , have not been previously reported .
Therefore , this study was performed to determine the in-
cidence of Holter monitor-detected silent myocard ial isch-
emia in patients undergoing coronary ang ioplasty and the
effects of coronary angioplasty on this finding.
Methods
Study patients and protocol. Forty-eight con secutive
patients who were referred for coronary angioplasty between
January 1984 and June 1985 and who gave informed consent
were studied. The mean age was 55 years (range 42 to 67).
All patients had a history of chest pain and associated
electrocard iographic (ECG) changes consistent with isch-
emia (::: I mm ST segment depression or elevation). Defin-
ing a significant coronary stenos is as a ~50% diameter
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reduction, 32 patients had single vessel, 14 had double
vessel and 2 had triple vessel disease . All patients had one
or more vessels with 2:70% stenosis that were deemed an-
atomically suitable for coronary angioplasty at cardiac cath-
eterization. The mean left ventricular ejection fraction de-
termined by contrast ventriculography was 0.63 ± 0.10.
Antianginal medications except sublingual nitroglycerin were
discontinued in 46 of 48 patients . Two patients with unstable
angina did not have medications withdrawn.
Twenty-four hour Holter ambulatory ECG recordings were
obtained before coronary angioplasty in all 48 patients, and
in 36 patients in whom angioplasty was successful, the
recordings were repeated after angioplasty. Pre- and post-
angioplasty ambulatory ECG recordings were performed
within 72 hours of angioplasty. Patients were routinely treated
with aspirin (325 mg/day) and Persantine (75 mg three times
each day after angioplasty) and these agents were continued
during the postangioplasty recordings . Forty-four of the 48
patients studied before angioplasty were ambulatory at the
time of the recording. These patients underwent a Bruce
protocol treadmill exercise test before and after angioplasty .
Coronary angioplasty. Percutaneous transluminal coro-
nary angioplasty was performed by way of the femoral ap-
proach using standard technique. USCI steerable balloon
dilation catheters were employed, with balloon size deter-
mined from measurement of normal vessel diameter prox-
imal and distal to the stenosis on the preangioplasty angio-
gram . All patients received 10,000 u heparin intravenously
and 100 to 400 /Lg intracoronary nitroglycerin during the
angioplasty. Intravenous or long-acting nitrates were con-
tinued until the following morning. The percent diameter
stenosis was measured from magnified cineangiographic
frames and, when possible, an average percent stenosis was
determined from complementary 90° views of the lesion.
In some patients there was decreased angiographic opaci-
fication, but no measurable narrowing at the site of the
dilation after angioplasty; this finding was arbitrarily re-
ported as 20% residual narrowing.
Twelve of the 48 study patients did not have angioplasty
or did not have a postangioplasty Holter recording per-
formed for the following reasons: in eight patients, the lesion
could not be crossed (five with one vessel and three with
two vessel coronary disease); two patients had spasm and
no gradient was detected after intracoronary nitroglycerin
and balloon inflation was not performed; one patient with
two vessel disease had dissection after an initial successful
angioplasty and in one patient with three vessel disease, the
vessel to have undergone angioplasty occluded before the
procedure was performed .
Ambulatory ECG recordings and analysis. Two chan-
nel 24 hour Holter recordings were obtained using the Del
Mar Avionics Electrocardiocorder (model 445). This was
loaded with a new reel of magnetic tape, and a 1 mY cal-
ibration test signal was recorded for 5 minutes. After the
patient cable was attached to the reel to reel Holter recorder,
the built-in timing clock was set and the patient was in-
structed to press the event signal button if and when chest
pain occurred. Patients were also instructed to maintain a
written diary of symptoms and activities during the entire
monitoring period. Holter leads corresponding to ECG leads
II and Y5 were used .
The analysis of ST-T wave changes using the compact
analog technique has been previously described (15). In
brief, alterations in the ST-T wave segments from the reel
to reel recordings were analyzed by playing the tapes back
on an Oxford PB-2 deck (Oxford Medical Instruments,
Abingdon, Oxfordshire, England) into the Pathfinder
Electrocardiographic High-Speed Analyser (Reynolds Med-
ical, Hertfordshire, England) with an ST segment plotter.
The plotter estimated the magnitude of the upward or down-
ward deviation from baseline. The ST segment analog signal
was fed into the linear recorder at a paper speed of 30 crn/h
of real time recording. The signal was validated by print
out of the abnormalities in real time. ST segment analysis
was performed by an experienced observer without knowl-
edge of the patient's angiographic findings or the timing of
the Holter recording (before or after angioplasty). For this
study, a significant ST segment change was defined as 2: I
mm ST segment depression or elevation of at least 1 min-
ute' s duration.
Statistics. Data are presented as mean values ± standard
deviation. Comparisons were made using a paired t test. A
chi-square test was used to determining significance of Hol-
ter monitor-detected ischemia before versus after angio-
plasty. The significance level was set at p < 0.05.
Results
Results of coronary angioplasty on angiographic,
hemodynamic and functional effects of coronary steno-
ses. In the 36 patients with successful coronary angioplasty,
the mean percent stenosis decreased from 81.5 ± 10.5 to
31.5 ± 13.4% (p < 0.0 I), stenosis gradient decreased from
53 .2 ± 10.6 to 14.4 ± 7.3 mm Hg (p < 0.01) and treadmill
exercise duration increased 44% from 7.3 ± 1.9 to 10.5
± 2.5 minutes (p < 0.01) .
Presence of Holter monitor-detected ischemia before
angioplasty. Of the 36 patients with successful coronary
angioplasty , only 10 demonstrated one or more episodes of
Holter monitor-detected transient myocardial ischemia. Ta-
ble I characterizes the coronary anatomy, number of isch-
emic episodes, total duration of ischemia and pertinent ST
segment changes for each of these 10 patients. Six of these
patients had one vessel, three had two vessel and one had
three vessel coronary artery disease . The number ofepisodes
ranged from 1 to 10, and ST segment changes from 1 to 8
mm. There were 39 ischemic episodes, with a total cu-
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Table l. Char acterist ics of Holte r Monitor-D etected Myocardial Isch emia in Relat ion to Co ron ar y Ana tomy in 10 Pat ients
Undergoing Coronary An gioplasty
Ischemic Episodes
Before Angioplasty After Angioplasty
Patient Coronary Stenoses Duration SId Duration SId
No. (% diameter reduction) No. (min/24 h) (mm) No. (min/24 h) (rn rn)
I 80 LAD. 85 LCx. \00 RCA 10 144 5-8 0
2 80 LAD 8 X4 1- 8 0
3 80 LAD 6 49 1- 3 0
4 80 LAD 5 45 I 0
5 80 LAD 4 \8 1- 3 0
6 80 LAD. 100 LCx 2 24 I 0
7 75 LCx. 90 RCA I 14 I 0
8 90 RCA I 12 2 0
9 85 LAD. 100 RCA 1 5 3 0
to 90 LAD I 3 2 0
39* 398* 1- 8 0
*p < 0 .0 \ . ischemic episodes before angioplasty versus after angioplasty. LAD left anterior descending coronary artery; LCx circumflex
coronary artery; RCA = right coronary artery; STt. = ST segment deviation from baseline.
mulative duration of 398 minutes. Eighty percent of the
episodes were not associated with chest pain.
Effects of coronary angioplasty on Holter monitor-
detected and exercise-induced myocardial ischemia. None
of the 10 patients with Holter-detected myocardial ischemia
before angioplasty demonstrated this finding after coronary
dilation (Table I). The exercise duration, maximal ST seg-
ment shift. peak exercise rate-pressure product and quali-
tative assessment of chest pain (1 to 4 + scale) are dem-
onstrated for these 10 patients in Table 2. All 10 patients
had chest pain before angioplasty, and in all chest pain was
eliminated or subjectively decreased at comparable exercise
levels after angioplasty. Figure 1A illustrates an example
of Holter monitor-detected myocardial ischemia during
treadmill exercise testing with pain, during spontaneous an-
gina and during spontaneous ischemia without reported an-
gina. In each of these three episodes of ischemia, there is
ST segment depression and T wave augmentation. This
patient had eight episodes of Holter-detected myocardial
ischemia before angioplasty and none after successful di-
lation of his 80% left anterior descending coronary artery
stenosis. Figure IB illustrates a segment of the recording
during treadmill exercise after angioplasty. The patient
achieved a maximal heart rate of 164beats/min at 13 minutes
into exercise. Only T wave augmentation was present and
no ischemia was detected throughout the 24 hour recording.
Two patients who did not demonstrate ischemia on Holter
ECG recordings before angioplasty had one episode each
after apparent successful angioplasty. These episodes had a
respective duration of 3 and 10 minutes, and the maximal
Table 2. Exercise Treadmill Results in 10 Patients Wi th Holt er Mo ni tor-De tected Myo cardial Isch emia Before Coronary Ang iop las ty
Before Angioplasty After Angioplasty
Patient Duration STLl HR x BP Chest Duration STLl HR x BP Chest
No. (min) (mm) ( x 10') Pain (min) ( 01111 ) ( X lO' l Pain
I 5.3 4 15.0 2 + 6.3 4 2 1.6 2 +
2 \0.1 4 20. 2 2 + 12.8 0 27.9 0
3 4.8 3 19.2 4+ 9.3 0 27.7 0
4 7.5 2 18.7 3+ 11 .0 0 22.4 2 +
5 9.7 0 27.0 0
6 7. 1 3 23.4 3 + 11.0 2 31.7 0
7 7.6 2 23. 1 1+ 10.0 0 22.5 0
8 9 .0 I 21.6 3 + 11 .5 0 29.4 1+
9 7.0 2 12.5 2 + IO.X 0 25.5 0
10 10 .8 2 28.9 1+
7.3 ± 2.6 ± 20.5± 2.5 ± IO.3 ± O.X± 26.0± 0.6±
1.7 1.1 2.8 0 .9 1.9* 1.5* 3.8* 0 .9*
*p < 0 .0\ compared with exercise results before angioplasty for eight patients; chest pain was evaluated subjectively on a scale of I to 4 + . BI' =
systolic blood pressure (mm Hg); HR = heart rate (beats/min); STt. = maximal exercises ST segment elevation or depress ion .
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BEFORE ANGIOPLASTY
exercise treadmill test
AFTER ANGIOPLASTY
exercise treadmill test
a.
spontaneous painless episode
end exerc 5e - 1sta rt exe rcise
B 1- 5 min. - I
Figure 1. A, Selected portions of the 24 hour Holter compact
analog record before angioplastyina patientwith an 80% stenosis
in the proximal portion of the left anterior descending coronary
artery . The upper panel was recorded during treadmill exercise
test. the middle panel during a spontaneousepisode ofangina and
the lowerpanelduring a spontaneousepisodeof ischemia without
associated chest pain. The inserts of printouts at a paper speed of
25 mm/s demonstrate the normal QRST complex (a), ST segment
depression at the onset of ischemia (b) and marked ST segment
depressionwithT wave augmentation(c). The STsegment depres-
sion and T wave augmentation during spontaneous episodes of
ischemia are similar to those induced during exercise. B, After
angioplasty. only T wave augmentation without ST segment
depression (d) occurred at 13.2 minutes of treadmill exercise. No
spontaneous episodes were present on the Holter recording in this
patient after angioplasty.
ischemia and the severity of underlying coronary disease.
For example, in two studies (3,10), the frequency of silent
myocardial ischemia increased as a function of the number
of coronary vessels with significant stenosis. In two other
studies (16,17), the presence and severity of ischemia re-
corded during ambulatory ECG monitoring correlated with
the severity of coronary artery disease indicated by treadmill
exercise testing. Thus, one might expect that in patients
undergoing coronary angioplasty, Holter monitor-detected
myocardial ischemia will be more prevalent in patients with
more severe coronary disease and with multiple vessel in-
volvement.
Abolition of Holter monitor-detected ischemia by an-
gioplasty. Our data show that successful coronary angio-
plasty abolished Holter monitor-detected myocardial isch-
emia in patients in whom this was present beforeangioplasty.
This is not surprising in patients with single vessel disease
who, after successful angioplasty, would be expected to
have normal myocardial oxygen supply during normal daily
activity. Previous studies (16,17) have shown that in patients
without ischemia on treadmill exercise testing or in whom
ischemia does not occur within the first 6 minutes of ex-
ercise, Holter-detected ischemia is rarely present. After an-
gioplasty, all patients with preangioplasty Holter-detected
ischemia exercised longer than 6 minutes and only one pa-
tient developed ischemic ST segment changes before 6 min-
end _ I
exercise
I_ start
exercise
spontaneous episode with chest pain
b.
A 1- 5 min. - I
Discussion
This is the first report of the effects of percutaneous
transluminal coronary angioplasty on Holter monitor-de-
tectedtransientmyocardial ischemia. Several points areclearly
apparent from this study. First, the incidence of Holter-
detected, nonexercise-inducedmyocardial ischemia was rel-
atively low (28%). Although other studies (1,3,5,8, 10,16)
have demonstrated silent myocardial ischemia detected by
Holter monitor to be a more frequentoccurrence, the patients
in our study referred for coronary angioplasty consisted
primarily of those with single vessel coronary artery disease.
Twenty-five (69%) of the 36 patients studied had single
vessel coronary disease and only a single patient had triple
vessel disease. Previous studies have demonstrated a sig-
nificant correlation between Holter-detected myocardial
ST depression was 1 mm in each case. Neither patient had
chest pain or ischemic ST segment changes on the post-
angioplasty treadmill exercise test.
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utes. The pathophysiologic mechanism responsible for most
episodes of Holter-detected ischemia appears to be de-
creased oxygen supply resulting from vasomotion at sites
of significant coronary stenoses (18). This is consistent with
the finding that heart rate seldom increases at the very onset
of Holter-detected ischemic episodes (3,4,6). After suc-
cessful angioplasty, the significant increase in stenosis di-
ameter probably prevents small changes in vasomotor tone
from significantly decreasing myocardial oxygen supply.
The single episode of Holter-detected ischemia after angio-
plasty in each of two patients without this finding before
angioplasty may have resulted from transient spasm at the
angioplasty site or in the vessel not dilated in the patient
with two vessel coronary disease.
Clinical significance. The clinical usefulness of Holter
ambulatory ECG detection of ischemia in patients undergo-
ing coronary angioplasty will ultimately depend on its prog-
nostic value. Holter-detected ischemia has been shown (8,9)
to identify patients at high risk for adverse outcomes, but
whether medical treatment to reduce or eliminate this isch-
emia favorably alters prognosis in patients with unstable or
stable angina is not known. Clearly, additional diagnostic
testing or monitoring is probably not necessary in patients
with single vessel coronary disease, typical angina and a
positive treadmill exercise test in whom successful angio-
plasty eliminates angina and restores normal exercise per-
formance. However, Holter monitoring may provide a use-
ful adjunct in assessing the results of angioplasty in patients
with frequent ischemic episodes on Holter monitoring and
in those with multiple coronary lesions, not all of which
may be amenable to dilation. Additionally, Holter monitor
detection of ischemia may be useful before angioplasty in
patients with peripheral vascular disease, arthritis or other
musculoskeletal problems that prevent adequate exercise
stress testing.
Although only one patient in our study had triple vessel
disease, the results in this patient, who had dilation of a
single left anterior descending coronary artery stenosis, sug-
gest that Holter monitoring might be useful in following up
patients with multiple vessel coronary disease undergoing
coronary angioplasty. In this patient, progression over 18
months of the left anterior coronary stenosis from 50 to 80%
was associated with acceleration of angina. After coronary
angioplasty, the patient's functional status improved from
class IV to class II. This patient had improved exercise
duration on treadmill testing; however, his improvement in
clinical status was more apparent from the results of Holter
monitor recording than from the treadmill exercise test.
Further studies to define the prognostic value of Holter-
detected ischemia in patients with varying severity of coro-
nary artery disease undergoing coronary angioplasty are nec-
essary to determine the clinical usefulness of this technique.
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